
Tenth National School on 
Neutron and X-ray Scattering



Why Neutron and X-ray?

• X-ray
• 0.1-10 Å
• 1-100 keV
•
• Neutron
• 0.3-3 Å
• 0.1-1000meV



Interaction of Neutron and X-ray with Matter



Neutron vs. X-ray

X-ray scattering length

Neutron scattering length



How do we produce X-rays?



Argonne APS Facility



How do we produce neutrons?How do we produce neutrons?
FissionFission

Chain reaction
Continuous flow
~ 1 neutron/fission

SpallationSpallation
No chain reaction
Accelerator driven
Pulsed operation 
~ 30 neutrons/proton



Oak Ridge Facility ----HFIR 
The HFIR is a beryllium-reflected, light-water-cooled and -moderated, 
flux-trap type reactor that uses highly enriched uranium-235 as the fuel.



Oak Ridge Facility--SNS



Experiments

Neutron:
• Triple Axis Spectrometer
• Small Angle Neutron Scattering(SANS)
• Wide Angular-Range Chopper Spectrometer (ARCS)

X-Ray:
• Small Angle X-ray Scattering(SAXS)
• High Pressure Powder Diffraction
• X-ray Computed Micro-Tomography(XCMT)



Triple-axis Spectrometer







Dispersion Relation of Fe-Ga Alloy

Q
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Computed X-ray Micro-Tomography 
----CMT

Medical Imaging CT
0.5-1mm resolution

detector

Micro-CT
Down to 1 micro



• Sample: a soil that contains water,solid and oil
• Goal: to image the distribution of two liquids in soil
• Contrast: enhance the contrast by doping water with 

cesium(Cs) and doping the oil with iodine (I).
• Energies:100eV above and below the I K absorption 

edge (33.139 keV) and 100ev above and below the 
Cs K absorption edge (36.985keV)

• measuring the transmitted x-ray image as the sample 
is rotated 180 degrees in 0.25 degree steps

• data   normalization   reconstruction(FFT tech)        
3-D cross-sections 
















Thank you!



NXschool Lectures

• Interaction of X-rays and Neutrons with Matter             -- D. F. McMorrow
• Real/Reciprocal Space/Complementarity -- J. M. Gibson
• Powder Diffraction                                              -- J. J. Rhyne 
• Reflectivity/Magnetic Scattering                                -- C. F. Majkrzak
• Single Crystal Diffraction                                      -- X. Wang
• Diffuse Scattering/Micro-Diffraction                                -- G. E. Ice
• Powder Diffraction Applications                                 -- A. Huq
• PDF Analysis -- T. E. Proffen
• Small Angle Scattering                                          -- S. Krueger
• High-Pressure Techniques                                             -- W. Mao
• Magnetic Spectroscopy and Scattering                            -- E. Fullerton
• Neutron and X-rays for NanoScience -- E. D. Isaacs



• X-ray Generation/Instrumentation                                  -- D. M. Mills
• X-ray Detection/Sources                                           -- S. M. Gruner
• Synchrotron Sources                                             -- P. Zschack
• X-ray Absorption Fine Structure (XAFS)                        -- G. B. Bunker
• Coherent X-ray Scattering                                                 -- L. B. Lurio
• Inelastic X-ray Scattering                                            -- P. M. Abbamonte
• X-ray Imaging                                                     -- S. R. Stock
• Time-Resolved X-ray Scattering                                       -- D. A. Reis

• Neutron Generation/Detection                                    -- J. M. Carpenter 
• Neutron Sources                                                 -- J. J. Rhyne
• Quasi-elastic Neutron Scattering                                     -- K. W. Herwig
• Inelastic Neutron Scattering                                    -- R. Osborn
• Spin-Echo Techniques                                                 -- R. Pynn



Triple-axis instrument
HFIR   HB-1







Wide Angular-Range Chopper 
Spectrometer (ARCS)









How reconstruction works (cartoon)

Along direction 1, the high 
absorption rectangle makes
a spatially narrow but deep
“valley” in the absorption 
profile Pθ

 

.

Along direction 2, the profile
Pθ

 

has a spatially wide, but 
shallow “valley”.

At intermediate angles the
edges of the valley are less 
sharp.
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